We introduce modified gamma operators in polynomial weighted spaces of differentiable functions and give approximation theorems for them.
Preliminaries

The gamma operators
g n (x, y) := x n+1 n! e −xy y n ,
I = (0, ∞), N = {1, 2, . . .}, of functions f continuous and bounded on I were examined in many papers (e.g. refs. [1] [2] [3] [4] ). It is known [1, 3] that G n are well defined for functions f r (x) = x r , r ∈ N 0 = N ∪ {0}, and G n (f r ; x) = f r (x) for x > 0, n ≥ 1, r = 0, 1.
Generally for r ∈ N , we have G n (f r (t) = t r ; x) = n r x r n(n − 1) · · · (n − r + 1)
, for x > 0, n ≥ r,
which implies that G n (t 2 ; x) = nx 2 /(n − 1) and In ref. [1] (Lemma 9.4.4, p. 128), it was proved that
for x > 0, r ∈ N and n ≥ 2r, where M 1 (r) is a suitable positive constant depending only on r. Moreover, it is known [1, 3] that if f is continuous and bounded on I , then G n (f ), n ≥ n 0 , is also continuous and bounded on I and
where ω 2 (f ) is the second modulus of continuity of f and M 2 = const. > 0.
1.2.
In this paper, we introduce certain modified gamma operators for differentiable functions and show that approximation properties of these operators are better than G n . Analogous to ref. [5] , we consider the polynomial weighted space C p , p ∈ N 0 , associated with the weighted function
and C p is the set of all real-valued functions f defined on I for which w p f is uniformly continuous and bounded on I and the norm is given by the formula
We shall also consider the class
For f ∈ C p , p ∈ N 0 , we consider the modulus of continuity of the order k = 1, 2, i.e.,
We define the following modified gamma operators (see [6] )
x ∈ I and p ≤ n ∈ N , where g n (x, y) is defined by (2) and
If p = 0 and f ∈ C 0 , then we have
for x > 0 and n ∈ N. We mention that G n;p (f (t); x) will also be written instead of G n;p (f ; x).
In section 2, we show that G n;p , n ≥ p, are operators acting from C p into C p . In section 3, we give approximation theorems.
In this paper, we denote by M k (α, β), k ∈ N, suitable positive constants depending only on indicated parameters α and β.
Auxiliary results
First we shall give some properties of operators
and for every f ∈ C p
The inequalities (14) and (15) with M 3 = 1 are also true for p = 0 and f ∈ C 0 . The formulas (1) and (2) and ( 
for x > 0 and n ≥ p, which implies that
and
for x > 0, p ≥ 2, and n ≥ p. These inequalities and equation (9) yield inequality (14).
From formulas (1), (8), and (9), we get
which by inequality (14) implies thesis (15).
From equation (8), we deduce that
for x > 0 and p, r ∈ N . Applying the Hölder inequality and formulas (6) , (8), (14), and (16), we immediately obtain the following two lemmas.
LEMMA 2 For every r ∈ N there exists M 4 (r) = const. > 0 such that
for x > 0 and n ≥ 2(p + r). (15) 
Now we shall prove the analogue of inequality
for every f ∈ C p and n ≥ 2p.
The formulas (11) and (12) and the inequality (17)
show that G n;p with p ∈ N and n ≥ 2p are linear operators acting from
By formulas (11)-(13) and (9), we have
Now applying Lemmas 2 and 3, we obtain
for x > 0 and n ≥ 2p, which by formula (9) yields inequality (17).
Theorems
3.1.
Arguing as in ref.
[5], we shall prove two approximation theorems for operators G n .
THEOREM 1 Assume that f is a twice differentiable function on
for x > 0 and n ≥ 2p + 4.
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Proof Fix x > 0 and f satisfying our assumptions. Analogous to ref. [5] , we can write
which implies that
and by formulas (1) and (3), we have
Using (as in ref. [5] ) the inequality
we get
Next, by the Hölder inequality and inequalities (6) and (16), we have
Using formulas (20) and (5) to inequality (19), we obtain the desired inequality (18).
THEOREM 2 Let p ∈ N 0 . Then there exists M 9 (p) = const. > 0 such that for every f ∈ C p , x > 0, and n ≥ 2p + 4, we have
Proof Similar to ref. [5] , we apply the Stieklov function f h of f ∈ C p , i.e.,
h ∈ C p for j = 0, 1, 2, h > 0, and
where ω 2 (f ) is defined by formula (10). for x, h > 0 and n ≥ 2p + 4. Now setting h = x/ √ n, we obtain the desired inequality (21).
3.2. Now we shall prove an analogue of evaluations (21) and (7) for G n;p .
THEOREM 3 Let p ∈ N . Then there exists M 11 (p) = const. > 0 such that for every f ∈ C p , x > 0, and n ≥ 2p + 2, we have
Consequently,
